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DESCRIPTION 

SKAT, TNG MATF.RTAT. FOR T.TDnTD CRYSTAL ANn T.TOI1 T O PRYSTAT HT 9 PT A Y 

CELL USING SAME 

— ^^^^^^^^^^^^ 

Technical Field 

The present invention relates to a sealing material for 
liquid crystals and a liquid crystal display cell using the 
sealing material. More specifically, the present invention 
relates to a sealing material for liquid crystals that is mainly 
used in a method for manufacturing a liquid crystal display cell 
in which the liquid crystal is sealed, comprising: dropping a 
liquid crystal inside a bank of a photo-thermo-curing type 
sealing material for liquid crystals which is formed on one 
substrate; thereafter bonding the other substrate thereto; and 
curing the material through light -irradiation and heat treatment , 
and a liquid crystal display cell manufactured by using the 
sealing material. 

Background Art 

In recent years, along with demands for large-size liquid 
crystal display cells, a so-called liquid-crystal dropping 
technique, which has higher productivity, has been proposed as 
a manufacturing method of a liquid-crystal display cell (see 
Japanese Patent Application Laid-Open Nos. 63-179323 and 
10-239694). In these methods, a liquid crystal display cell 
in which a liquid crystal is sealed is manufactured by dropping 
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the liquid crystal inside a bank of a sealing material for liquid 
crystals formed on one substrate, thereafter bonding the other 
substrate thereto . 

In the liquid-crystal dropping technique, however, the 
sealing material for liquid crystals in an uncured state is made 
in contact with the liquid crystal, with the result that, upon 
manufacturing a liquid crystal display cell, some components 
of the sealing material for liquid crystals are dissolved in 
the liquid crystal to cause a reduction in the specific resistance 
of the liquid crystal; consequently, this technique causes many 
problems when used as a mass-producing method for liquid crystal 
display cells. 

With respect to a curing method after the bonding process 
of the sealing material for liquid crystals in the liquid-crystal 
dropping technique, three methods including a thermo-curing 
method, a photo-curing method and a photo-thermo-curing method, 
have been proposed. The thermo-curing method has problems in 
that liquid crystal tends to leak from the sealing material for 
liquid crystals that is being cured with a reduced viscosity 
due to expansion of the heated liquid crystal, and in that some 
components of the sealing material for liquid crystals with the 
reduced viscosity tend to be dissolved in the liquid crystal, 
and these problems are difficult to be resolved with the result 
that this technique has not been practically used. 

Here, with respect to the sealing material for liquid 
crystals to be used in the photo-curing method, two kinds of 
photopolymerization initiators, that is, a cation polymer izable 
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a) 

type and a radical polymerizable type, have been proposed. With 
respect to the sealing material for liquid crystals of the cation 
polymerizable type, since ions are generated upon photo-curing, 
the ion components are eluted in the liquid crystal in a contact 
state when the sealing material of this type is used in the 
liquid-crystal dropping technique, resulting in a problem of 
a reduced specific resistance in the liquid crystal. Moreover, 
with respect to the sealing material for liquid crystals of the 
radical polymerizable type, since the curing shrinkage is large 
upon photo-curing, the resulting problem is that sufficient 
adhesion strength is not obtained. Another problem with both 
of the photo-curing methods of the cation polymerizable type 
and the radical polymerizable type is that since a light-shield 
portion in which the sealing material for liquid crystals is 
not exposed to light is left due to a metal wiring portion of 
an alley substrate of the liquid crystal display cell and a black 
matrix portion of a color filter substrate, the corresponding 
light-shield portion is uncured. 

As described above, the thermo-curing and photo-curing 
methods have various problems, and in actual operation, the 
photo-thermo curing method is considered to be the most practical 
technique. The photo-thermo curing method is characterized by 
irradiating the sealing material for liquid crystals sandwiched 
by substrates with light to be primarily cured, and thereafter 
heating it so as to be secondarily cured. With respect to 
properties required for the sealing material for liquid crystals 
to be used for the photo-thermo curing method, it is important 
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to prevent the sealing material for liquid crystals from 
contaminating the liquid crystal in respective processes before 
and after the light irradiation as well as before and after the 
heat-curing processes, and it is necessary to properly address 
the problem with the above-mentioned light-shield portion, that 
is, the problem of elution of the sealing material components 
into the liquid crystal when the portion uncured by light 
irradiation is thermally cured.. The following solutions to the 
problems are proposed: (1) a low-temperature fast curing process 
is carried out prior to the elution of the sealing material 
components; and (2) the sealing material is made from components 
that hardly elute into the liquid crystal compositions. Of 
course, the low-temperature fast curing process simultaneously 
causes degradation in the pot life during use, resulting in a 
serious problem in practical use. For this reason, in order 
to achieve a sealing material for liquid crystals that provides 
a longer pot life, and hardly contaminates liquid crystals, it 
is necessary to comprise components that are hardly eluted into 
the liquid crystal composition. However, commonly well known 
epoxy resins , such as a bisphenol A type epoxy resin and a bisphenol 
F type epoxy resin, have a good compatibility with liquid crystals 
with the result that these resins are not suitable for the 
constituent component for the sealing material from the viewpoint 
of a contamination-preventive property. 

Japanese Patent Application Laid-Open No. 2001-133794 has 
proposed that, in particular, in claim 1 as well as in paragraph 
0021, a bisphenol A-type epoxy resin, which is partially (meth) 
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aery la ted and disclosed in Japanese Patent Application La id-Open 
No. 5-295087/ should be used as a main resin component for the 
sealing material for liquid crystals for use in the 
liquid-crystal dropping technique. In this case, however, 
although the (meth) acrylated resin has a reduction in solubility 
to liquid crystals, the degree of the reduction is not sufficient, 
and it is also difficult to solve a problem of the un-reacted 
remaining raw epoxy resin that contaminates liquid crystals. 

As described above, the conventionally proposed 
photo-thermo curing type sealing material for liquid crystals 
used in the liquid-crystal dropping technique is far from 
satisfying all the properties such as a liquid crystal 
contamination-preventive property, an adhesion strength, a 
working time at room temperature and a low-temperature curing 
property . 

Disclosure of The Invention 

Problems to be solved by the invention 

The ob j ective of the present invention is to develop a sealing 
material for liquid crystals to be used for a liquid crystal 
display device to be manufactured through a liquid-crystal 
dropping technique, and more specifically, to develop a sealing 
material for liquid crystals to be used for a liquid crystal 
display device to be manufactured through the liquid-crystal 
dropping technique comprising dropping a liquid crystal inside 
a bank of a sealing material for liquid crystals formed on one 
substrate, thereafter bonding the other substrate thereto, 
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irradiating a liquid-crystal sealed portion to light, and then 
heat-curing it. In other words, the objective of the present 
invention is to provide a sealing material for liquid crystals 
which hardly contaminates liquid crystals through the 
manufacturing process, shows excellent coating workability, 
bonding property and adhesion strength when applied to a 
substrate, and has a long working time (pot life) at room 
temperature and a low-temperature curing property. 

Means to solve the problems 

As a result of extensive investigations to solve the 
above-mentioned problems, the present inventors have found that 
this object can be attained by providing a resin composition 
having a specific composition, and the present invention has 
been accomplished based on this finding. 

That is, the present invention relates to: 

(1) a sealing material for liquid crystals comprising: (A) as 
a curing resin a mixture of (a) an epoxy group-containing curing 
resin and (b) a (meth) acryloyl group-containing curing resin, 
or (c) a curing resin containing an epoxy group and a 
(meth) acryloyl group; (B) a radical-forming 
photopolymerization initiator; (C) an isophthalic acid 
dihydrazide having an average particle diameter of 3f.im or 
smaller; and (D) a filler having an average particle diameter 
of 3|am or smaller; 

(2) the sealing material for liquid crystals according to (1) , 
wherein (b) (meth) acryloyl group-containing curing resin is 
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(meth) acrylate of difunctional or more epoxy resin; 

(3) the sealing material for liquid crystals according to (1) , 
wherein (c) curing resin containing an epoxy group and a 

(meth) acryloyl group is a partial (meth) acrylate of difunctional 
or more epoxy resin; 

(4) tThe sealing material for liquid crystals according to (3) , 
wherein the partial (meth) acrylate of difunctional or more epoxy 
resin is obtained by subjecting a difunctional or more epoxy 
resin to an ester if ication reaction with a (meth) acrylic acid 
of 20 to 80% equivalent of the epoxy group; 

(5) the sealing material for liquid crystals according to any 
one of (2) to (4) , wherein the difunctional or more epoxy resin 
is a bisphenol-type epoxy resin; 

(6) the sealing material for liquid crystals according to (5) , 
wherein the bisphenol-type epoxy resin is a bisphenol A-type 
epoxy resin; 

(7) the sealing material for liquid crystals according to any 
one of (1) to (6), wherein (B) radical-forming 
photopolymerization initiator is a carbazole-based initiator; 

(8) the sealing material for liquid crystals according to any 
one of (1) to (6), wherein (B) radical-forming 
photopolymerization initiator is an acridine-based initiator; 

(9) the sealing material for liquid crystals according to any 
one of (1) to (8), wherein (D) filler having an average particle 
diameter of 3|im or smaller is an inorganic filler, and a content 
of the inorganic filler is in a range from 5 to 40% by weight 
in the sealing material for liquid crystals; 
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(10) the sealing material for liquid crystals according to any 
one of (1) to (9), further comprising (E) a silane coupling agent ; 

(11) the sealing material for liquid crystals according to (10) , 
wherein (E) silane coupling agent contains an amino group; 

(12) the sealing material for liquid crystals according to any 
one of (1) to (11), further comprising (F) a core-shell structural 
cross-linking rubber; 

(13) a liquid crystal display cell which is sealed with a cured 
product of the sealing material for liquid crystals according 
to any one of (1) to (12); and 

(14) a method for manufacturing a liquid crystal display cell 
constituted by two substrates, comprising: dropping a liquid 
crystal inside a bank of a sealing material for liquid crystals 
according to any one of (1) to (12) , which is formed on one of 
the substrates; thereafter bonding the other substrate thereto; 
and curing the material. 

Effects of the present invention 

The sealing material for liquid crystals, which shows 
excellent workability and bonding property when applied to a 
substrate, and has a long pot life, a high adhesion strength, 
a liquid crystal contamination-preventive property and a 
gap-forming function, is applied to the liquid-crystal dropping 
technique so that it becomes possible to manufacture a liquid 
crystal display cell that has a high yield and improved 
productivity . 
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Best mode for carrying out the invention 

The following description will discuss the present invention 
in detail. 

In the present invention, as (A) curing resin a mixture of 
(a) an epoxy group-containing curing resin and (b) a 
(meth) acryloyl group-containing curing resin, or (c) a curing 

resin containing an epoxy group and a (meth) acryloyl group, is 

used . 

With respect to (a) epoxy group-containing curing resin, 
although not particularly limited, a dif unctional or more epoxy 
resin is preferably used, and examples thereof include : bisphenol 
A-type epoxy resins, bisphenol F-type epoxy resins, bisphenol 
S-type epoxy resins, phenolic novolak type epoxy resins, cresol 
novolak type epoxy resins, bisphenol A novolak type epoxy resins, 
bisphenol F novolak type epoxy resins, alicyclic epoxy resins, 
fatty chain epoxy resins, glycidyl ester-type epoxy resins, 
glycidyl amine-type epoxy resins, hydantoin-type epoxy resins, 
isocyanurate-type epoxy resins and phenolic novolak type epoxy 
resins having a triphenolic methane skeleton; and in addition 
to these, also include diglycidyl-etherif ied products of 
difunctional phenols, diglycidyl-etherif ied products of 
difunctional alcohols, and halides and hydrogenated products 
thereof- Among these, from the viewpoint of liquid crystal 
contamination-preventive property, epoxy resins having an 
alcoholic hydroxide group, epoxy resins having a sulfone group 
and epoxy resins having an ether bond are preferably used. More 
preferably, an epoxy resin, which is not eluted to the liquid 



crystal by 1% by weight or more, even when, after having been 
directly made in contact with liquid crystal the amount of which 
is ten times the amount of the epoxy resin, and allowed to stand 
still at 120°C for one hour, it is returned to room temperature, 
is used. Although not particularly limited, specific examples 
of such epoxy resins are first those epoxy resins represented 
by general formula (1) : 




(1 ) 



wherein, the number of repeating units s is an integer of 1 to 
20. Among those represented by formula (1), more preferably, 
those epoxy resins represented by general formula (2) are used: 




(2) 



wherein, the number of repeating units s is an integer of 1 to 
20. 

Specific examples of such epoxy resins are second those epoxy 
resins represented by general formula (3) : 
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wherein, Q indicates a divalent hydrocarbon group having 2 to 
6 carbon atoms, which may be the same or different , and u indicates 
an integer (average value) of 0 to 5, which may be the same or 
different. Here, examples of the divalent hydrocarbon group 
having 2 to 6 carbon atoms represented by Q include alkylene 
groups having 2 to 6 carbon atoms, such as ethylene, propylene, 
butylene and pentylene, and in the present invention, in 
particular, an ethylene group is preferably used. Moreover, 
the repeating unit u is preferably from 0.5 to 3. Among those 
represented by general formula (3), more preferably, those epoxy 
resins represented by general formula (4) are used: 

O 
II 

-s- 

II 

O / - (4) 
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wherein, Q indicates a divalent hydrocarbon group having 2 to 
6 carbon atoms, which may be the same or different , and u indicates 
an integer (average value) of 0 to 5, which may be the same or 
different. Here, Q and the repeating unit u are the same as 
explained in general formula (3). 

Moreover, in the present invention, (a) epoxy 
group-containing curing resin preferably has an amount of 
hydrolytic chlorine of 600 ppm or less, more preferably, 300 
ppm or less. The amount of hydrolytic chlorine exceeding 600 
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ppm tends to cause contaminations of the sealing material for 
liquid crystals to the liquid crystal . The amount of hydrolytic 
chlorine can be quantitatively determined by processes in which: 
for example, about 0.5 g of the epoxy resin is dissolved in 20 
ml of dioxane, and after this mixture has been ref luxed by using 
5 ml of 1-N KOH/ethanol solution for 30 minutes, the resulting 
solution is titrated by a 0.01-N silver nitrate solution. 

With respect to (b) (meth) acryloyl group-containing curing 
resin to be used in the present invention, although not 
particularly limited, compounds prepared by modifying 
dif unctional or more epoxy resins into (meth) acryloyl compounds, 
are preferably used (in which xx (meth) acryloyl" refers to 
"acryloyl" and/or "methacryloyl" , and the same is true in the 
following description) . With respect to the difunctional or 
more epoxy resins, examples thereof include: bisphenol A-type 
epoxy resins, bisphenol F-type epoxy resins, bisphenol S-type 
epoxy resins, thiodiphenol type epoxy resins, phenolic novolak 
type epoxy resins, cresol novolak type epoxy resins, bisphenol 
A novolak type epoxy resins, bisphenol F novolak type epoxy resins, 
alicyclic epoxy resins, fatty chain epoxy resins, glycidyl 
ester-type epoxy resins, glycidyl amine-type epoxy resins, 
hydantoin-type epoxy resins, isocyanurate-type epoxy resins and 
phenolic novolak type epoxy resins having a triphenolic methane 
skeleton; and in addition to these, also include 
diglycidyl-etherif ied products of difunctional phenols, 
diglycidyl-etherif ied products of difunctional alcohols, and 
halides and hydrogenated products thereof. Among these, those 
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havinga small solubility to liquid crystals are preferably used, 
and more specifically, (meth) acrylates of dif unctional or more 
aromatic epoxy resins are preferably used. More preferably, 
(meth) acrylates of dif unctional aromatic epoxy resins are used, 
and specific examples thereof include (meth) acrylates of 
bisphenol-type epoxy resins and (meth) acrylates of resorcine 
diglycidyl ether and hydroquinone diglycidyl ether. 

With respect to (c) curing resin containing an epoxy group 
and a (meth) acryloyl group to be used in the present invention, 
although not particularly limited as long as it contains both 
of an epoxy group and a (meth) acryloyl group in the resin 
components, examples thereof include partially 
(meth) acryloylated epoxy resins. From the viewpoint of liquid 
crystal contamination-preventive property, partially 
(meth) acryloylated epoxy resins are preferably used. With 
respect to the epoxy resins that are raw materials for epoxy 
resins and (meth) acryloylated epoxy resins, although not 
particularly limited, the same compounds as those used in (a) 
epoxy group-containing curing resin are preferably used from 
the viewpoint of liquid crystal contamination-preventive 
property . 

In the present invention, a monomer and/or an oligomer of 
(meth) acrylic acid ester capable of forming a curing resin may 
be used in combination in order to control the reactivity and 
the viscosity. Examples of such monomer and oligomer include: 
a reaction product between dipentaerythritol and (meth) acrylic 
acid and a reaction product between 
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dipentaerythritol-caprolactone and (meth) acrylic acid; however, 
not particularly limited, any reaction product may be used as 
long as it is less likely to cause contamination to liquid 
crystals . 

With respect to the ratio of each curing resin in the mixture 
of (a) an epoxy group-containing curing resin and (b) a 
(meth) acryloyl group-containing curing resin, the molar ratio 
of the epoxy group (EP) and the (meth) acryloyl group (AC) , that 
is, (EP) / ( (EP) + (AC) ) , is from about 0 . 1 to about 0 . 8 in the 
total curing resin. The ratio greater than 0.8 tends to cause 
an insufficient photo-curing property, resulting in a weak 
temporarily adhesion strength. The ratio less than 0.1 tends 
to cause a reduction in the adhesion strength to the glass 
substrate after the curing process. 

Moreover, the amount of hydrolytic chlorine in the epoxy 
resin to be used as the raw materials of (b) and (c) in the present 
invention is preferably 60.0 ppm or less, more preferably, 300 
ppm or less. The amount of hydrolytic chlorine greater than 
600 ppm tends to cause contamination of the sealing material 
for liquid crystals to the liquid crystal. The amount of 
hydrolytic chlorine can be quantitatively determined by 
processes in which: for example, about 0.5 g of the epoxy resin 
is dissolved in 20 ml of dioxane, and after this mixture has 
been refluxed by using 5 ml of 1-N KOH/ethanol solution for 30 
minutes, the resulting solution is titrated by a 0.01-N silver 
nitrate solution. 

The partially meta (acryloylated) epoxy resin of the present 
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invention can be obtained by esterifying (meth) acrylic acid 
having a predetermined equivalent ratio, that is, preferably, 
20 to 80 % equivalent, more preferably, 40 to 70 % equivalent 
per equivalent of epoxy group, with the aforementioned epoxy 
resin in the presence of a catalyst and a polymerization inhibitor . 
Upon the reaction, one kind or two kinds or more of the following 
materials may be added thereto as a diluent: aromatic 
hydrocarbons, such as toluene and xylene; esters such as ethyl 
acetate and butyl acetate; ethers such as 1,4-dioxane and 
tetrahydrof uran; ketones such as methylethyl ketone and 
methylisobutyl ketone; glycol derivatives such as butyl 
cerosolve acetate, carbitol acetate, diethyleneglycol dimethyl 
ether, and propyleneglycol monomethyl ether acetate; alicyclic 
hydrocarbons, such as cyclohexane and cyclohexanol ; and 
petroleum solvents, such as petroleum ethers and petroleum 
naphthas . Upon using these diluents , since an evaporation under 
a reduced pressure is needed to be carried out after completion 
of the reaction, a solvent that has a low boiling point and is 
highly volatile is preferably used, and specific examples thereof 
include: toluene, methylethyl ketone, methylisobutyl ketone and 
carbitol acetate. Here, in order to accelerate the reaction, 
a catalyst is preferably used. Specific examples of usable 
catalysts include : benzyl dimethyl amine, triethyl amine , benzyl 
trimethyl ammonium chloride, triphenyl phosphine and triphenyl 
stibine. The amount of use thereof is preferably from 0 . 1 to 
10% by weight, more preferably, from 0.3 to 5% by weight, with 
respect to the reaction material mixture. In order to prevent 
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polymerization of the (meth) acrylic group during the reaction, 
a polymerization inhibitor is preferably used. With respect 
to the polymerization inhibitor, examples thereof include 
methoquinone, hydroquinone, methyl hydroquinone, phenothiazine 
and dibutylhydroxy toluene. The amount of use thereof is 
preferably from 0.01 to 1% by weight, more preferably, from 0.05 
to 0.5% by weight, with respect to the mixture of the reaction 
raw materials. The reaction temperature is normally from 60 
to 150°C, more preferably, from 80 to 120°C. Moreover, the 
reaction time is preferably from 5 to 60 hours. 

With respect to (B) radical-forming photopolymerization 
initiator to be used in the present invention, any initiator 
may be used as long as it exerts its sensitivity in the vicinity 
of i-ray (365 nm) that gives comparatively small effects to the 
characteristics of liquid crystals, and hardly contaminates 
liquid crystals. Specific examples of usable radical-forming 
photopolymerization initiators include: benzyl dimethyl ketal, 

1- hydroxy cyclohexyl phenyl ketone, diethyl thioxanthone , 
benzophenone, 2 -ethyl anthraquinone, 2 -hydroxy-2 -methyl 
propiophenone, 

2- methyl- [4- (methylthio) phenyl] -2-morphorino-l-propane, 
2 , 4 , 6-trimethylbenzoyl diphenyl phosphine oxide, 

3 , 6-bis (d2-methyl-2-morphorinopropionyl) -9-n-octyl 
carbazole and 1 , 7-bis ( 9-acridyl ) heptane . Among these, 
3, 6-bis (d2-methyl-2-morphorinopropionyl) - 

9-n-octyl carbazole and 1 , 7-bis ( 9-acridyl ) heptane are more 
preferably used. 
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The weight ratio of (B) radical-forming photopolymerization 
initiator to (b) or (c) component in the sealing material for 
liquid crystals of the present invention is normally from 0.1 
to 10 parts by weight, preferably, from 0 . 5 to 5 parts by weight, 
with respect to 100 parts by weight of (b) or (c) component. 
The amount of the radical-forming photopolymerization initiator 
of less than 0.1 parts by weight tends to cause an insufficient 
photocuring reaction, while the amount exceeding 10 parts by 
weight, that is, an excessive amount of the initiator, tends 
to contaminate liquid crystals, and deteriorate the cured resin 
properties . 

In the liquid-crystal dropping technique, it is important 
for the thermo-curing component in the sealing material for 
liquid crystals to quickly start a reaction uniformly when heated 
after irradiation with light, while preventing the sealing 
material for liquid crystals from contaminating the liquid 
crystals, and also to hardly cause a change in viscosity at room 
temperature during use, with a sufficient (long) working time. 
With respect to the thermo-curing conditions, in general, a 
low-temperature curing property at 120 °C in about one hour is 
required so as to minimize a reduction in the characteristics 
of liquid crystals to be enclosed. 

In order to simultaneously satisfy these requirements, a 
solid dispersion type potential curing agent is preferably used; 
however, in the case of the solid dispersion type potential 
thermo-curing agent, when some particles have large and irregular 
particle diameters, or when the dispersion is insufficient with 
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biased particles, the curing process is not carried out uniformly 
to cause uncured components to elute into the liquid crystals, 
with the result that an insufficient display in liquid crystals 
tends to occur. For this reason, it is necessary to sufficiently 
disperse the thermo-curing agent; however, in the case when the 
thermo-curing agent is made finer in the particle diameter and 
uniformly dispersed, even if the solid dispersion type potential 
curing agent is used, the thermo-curing agent is dissolved in 
the resin even at room temperature to start a curing reaction, 
resulting in deterioration in the pot life. 

In order to lower the curing temperature, in general, a curing 
accelerator is added, and an imidazole derivative, a phosphine 
compound, a tertiary amine or the like is often added. However, 
in the case of a liquid crystal composition having a low-voltage 
driving property and a high-speed response, this curing 
accelerator component is eluted into the liquid crystal to cause 
a reduction in the specific resistance value of the liquid 
crystal; consequently, it is not desirable to use the curing 
accelerator . 

By taking these points into consideration, the sealing 
material for liquid crystals of the present invention uses (C) 
an isophthalic acid dihydrazide that has been finely ground to 
have an average particle diameter of 3\xm or smaller as the 
thermo-curing component. The sealing material, which uses the 
isophthalic acid dihydrazide, exhibits a superior pot life at 
room temperature, and also has a superior curing property under 
conditions of 120°C for one hour. Since the isophthalic acid 
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dihydrazide hardly has solubility to liquid crystals, the sealed 
liquid crystal is less susceptible to contaminations. When the 
average particle diameter of the isophthalic acid dihydrazide 
is too large, a problem of insufficient gap formation is raised 
upon bonding upper and lower glass substrates to each other when 
a liquidcrystal cell with a narrow gap is manufactured; therefore, 
the average particle diameter needs to be 3|im or less, more 
preferably, 2pm or less. Moreover, for the same reason, the 
maximum particle diameter is preferably 8pm or less, more 
preferably, to 5pm or less. Here, the particle diameter of the 
curing agent was measured by using a laser diffraction-scattering 
type particle diameter distribution measuring device (dry 
type) (LMS-30, made by Seishin Enterprise Co., Ltd.). The 
average particle diameter is preferably adjusted so as not to 
become extremely small (for example, 0. l|im or less) . Moreover, 
as the average particle diameter of the curing agent becomes 
smaller, the glass transition temperature of the sealing material 
for liquid crystals becomes higher after the curing; therefore, 
from the viewpoint of reliability of the sealing material, the 
average particle diameter is preferably 3pm or less. 

The compounding ratio of (C) component in the sealing 
material for liquid crystals of the present invention is 
preferably from 0.8 to 3.0 equivalents, more preferably, from 

0 . 9 to 2 . 0 equivalents, to the epoxy group of (a) or (c) component 
with respect to the active hydrogen equivalent. The amount of 

(C) component of less than 0 . 8 equivalents causes an insufficient 
thermo-curing reaction, resulting in lowering in the adhesion 
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strength and glass transition temperature. In contrast, the 
amount of 3.0 equivalents or more causes the curing agent to 
remain, resulting in lowering in the adhesion strength and 
deterioration in the pot life. 

With respect to (D) filler tobe used in the present invention, 
an inorganic filler is preferably used. Specific examples of 
the usable inorganic filler include : fusedsilica, crystal silica , 
silicon carbide, silicon nitride, boron nitride, calcium 
carbonate, magnesium carbonate , barium sulfate , calcium sulfate , 
mica, talc, clay, alumina, magnesium oxide, zirconium oxide, 
aluminum hydroxide, magnesium hydroxide, calcium silicate, 
aluminum silicate, lithium aluminum silicate, zirconium 
silicate, barium titanate, glass fibers, carbon fibers, 
molybdenum disulfide and asbestos, and preferable examples 
include: fused silica, crystal silica, silicon nitride, boron 
nitride, calcium carbonate, barium sulfate, calcium sulfate, 
mica, talc, clay, alumina, aluminum hydroxide , calcium silicate 
and aluminum silicate; moreover, most preferably, fusedsilica, 
crystal silica, alumina and talc are used. Two or more kinds 
of these fillers may be mixed, and used. 

The average particle diameter of the filter to be used in 
the present invention is 3|nmor less, and when the average particle 
diameter is larger than 3(im, it is not possible to appropriately 
form a gap upon bonding upper and lower glass substrates to each 
other when a liquid crystal cell is manufactured. 

The content of the filler in the sealing material for liquid 
crystals to be used in the present invention is normally from 
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5 to 40% by weight, more preferably, from 15 to 25% by weight. 
The content of the filler of less than 5% by weight causes lowering 
in the adhesion strength to the glass substrates and 
deterioration in the moisture-resistant reliability, and 
subsequently resulting in lowering in the adhesion strength after 
the moisture absorption. In contrast, the content of the filler 
exceeding 40 % by weight, which is an excessive content, makes 
it difficult to squash the particles, resulting in a failure 
in forming a gap of a liquid crystal cells. 

In order to improve the adhesion strength, the sealing 
material for liquid crystals of the present invention preferably 
contains (E) a silane coupling agent. Examples of the usable 
silane coupling agent include: silane coupling agents, such as 
3-glycidoxy-propyl-trimethoxy-silane, 
3-glycidoxy-propyl-methyl-dimethoxy-silane, 
3 -glycidoxy-propyl -methyl -dimethoxy- si lane, 

2- (3, 4-epoxycyclohexyl) ethyltrimethoxy-silane , 
N-phenyl-y-aminopropyl-trimethoxy-silane, 

N- (2-aminoethyl) 3-aminopropyl-methyl-dimethoxy-silane, 
N- (2-aminoethyl ) 3 -aminopropyl-methyl-tr imethoxy- silane , 

3- aminoropyl-triethoxy-silane, 

3-mercaptopropyl-trimethoxy-silane, vinyl-trimethoxy-silane, 
N- (2- ( vinylbenzylamino) ethyl) 

3-aminoropyl-trimethoxy-silane hydrochloride, 

3-methacryloxy-propyl-trimethoxy-silane, 

3 -ch lor opr opy 1 -methyl -dime thoxy-si lane and 

3-chloropropyl-trimethoxy-silane . Two kinds or more of these 
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silane coupling agents may be mixed, and used. Among these, 
a silane coupling agent containing an amino group is preferably 
used so as to obtain superior adhesion strength. By using the 
silane coupling agent, the adhesion strength is improved so that 
a sealing material for liquid crystals having a superior 
moisture-resistant reliability is obtained. 

In order to improve the adhesion strength, the sealing 
material for liquid crystals of the present invention preferably 
contains (F) core-shell structural cross-linked rubber. Here, 
with respect to (F) core-shell structural cross-linked rubber 
to be used in the present invention, any rubber may be used as 
long as the rubber has a two-layered or three-layered structure, 
the core layer is a cross-linked rubber exhibiting a rubber 
elasticity, and the rubber has a structure in which a core layer 
is coated with a cross-linked polymer that has no rubber 
elasticity. With respect to the core layer, material examples 
thereof include: cross-linked polybutadiene, cross-linked 
acrylic acid alkyl copolymers and cross-linked polyisoprene , 
and with respect to the shell layer, material examples thereof 
include: alkyl acrylate-alkyl methacrylate copolymers, alkyl 
methacrylate-styrene copolymers and alkyl acrylate copolymers . 

Among these, with respect to preferable combinations of the 
core layer and the shell layer, a combination in which the core 
layer is made from cross -linked polybutadiene and the shell layer 
is made from an alkyl acrylate-alkyl methacrylate copolymer or 
an alkyl methacrylate-styrene copolymer and a combination in 
which the core layer is made from a cross-linked alkyl acrylate 
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copolymer and the shell layer is made from an alkyl acrylate 
copolymer are preferably used. 

The average particle diameter of the core-shell structural 
cross-linked rubber is preferably ljam or smaller. The average 
particle diameter of greater than l^im tends to increase flow 
of the bonding layer upon thermally bonding the particles. In 
contrast, when the particle diameter is extremely small, the 
particles tend to easily aggregate with one another; therefore, 
the average particle diameter is preferably 0 . l|xm or greater. 

With respect to the core-shell structural cross-linked 
rubber, for example, Paraloid EXL-2602 (made by Kureha Chemical 
Industry Co., Ltd.) and Paraloid EXL-2655 (made by Kureha 
Chemical Industry Co., Ltd.) are commercially available. 

The amount of addition of (F) core-shell structural 
cross-linked rubber to the sealing material for liquid crystals 
of the present invention is preferably from 0.5% by weight or 
more to 10% by weight or less, more preferably, from 1% by weight 
or more to 5% by weight or less. The amount of addition of less 
than 0.5% by weight tends to fail to sufficiently improve the 
adhesion strength of the sealing material for liquid crystals, 
and the amount of addition exceeding 10% by weight tends to cause 
an extremely high viscosity, resulting in a failure in practical 
use . 

Moreover, an organic solvent and an organic filler as well 
as additives such as a pigment, a leveling agent and an anti foaming 
agent, may be added to the sealing material for liquid crystals 
of the present invention, if needed. 
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The sealing material for liquid crystals of the present 
invention is manufactured by uniformly mixing the respective 
components by the use of a well-known mixing device, such as 
a roll mill, a sand mill and a ball mill. The resulting matter 
after the mixing process may be filtered in order to remove 
contaminants, if necessary. 

A liquid crystal cell of the present invention has a structure 
in which: a pair of substrates, each having predetermined 
electrodes formed thereon, are placed face to face with each 
other with a predetermined gap in between, and the peripheral 
portion thereof is sealed with the sealing material for liquid 
crystals of the present invention, with a liquid crystal being 
enclosed in the gap . The kind of the liquid crystal to be enclosed 
is not particularly limited. Here, with respect to the 
substrates, a combination of substrates made from a material 
such as. glass, quartz, plastic and silicon, at least one of which 
has a light transmitting property, are used. The manufacturing 
processes are, for example, carried out as follows : after spacers 
(gap-control ling material ) such as glass fibers have been applied 
to the sealing material for liquid crystals of the present 
invention, the sealing material for the liquid crystals is 
applied onto one of the paired substrates in a format of banks 
by using a dispenser or the like, and liquid crystal is then 
dropped inside the banks of the sealing material for liquid 
crystals, and the other glass substrate is superposed thereon 
under a vacuum condition so that a gap-adjusting process is 
carried out. After the formation of the gap, ultraviolet rays 
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are irradiated to the liquid-crystal sealed portion by using 
an ultraviolet-ray irradiation device so that the corresponding 
portion is photo-cured. The dose of ultraviolet-ray 
irradiation is normally from 500 mJ/cm 2 to 6000 mJ/cm 2 , preferably, 
from 1000 mJ/cm 2 to 4000 mJ/cm 2 . Thereafter, a curing process 
is carried out at a temperature of 90 to 130°C for one to two 
hours so that a liquid crystal display cell of the present 
invention can be obtained. With respect to the spacers, for 
example, glass fibers, silica beads, polymer beads and the like 
are used. Although different depending on the purposes, the 
diameter of the spacers is normally from 2 to 8|xm, preferably, 
from 4 to 7^im. The amount of use thereof is normally from 0.1 
to 4 parts by weight, preferably, from 0 . 5 to 2 parts by weight, 
more preferably, from 0.9 to 1.5 parts by weight, with respect 
to 100 parts by weight of the sealing material for liquid crystals 
of the present invention. 

The sealing material for liquid crystals of the present 
invention, which hardly contaminates liquid crystals through 
all the manufacturing processes, shows excellent coating 
workability and bonding property when applied to a substrate, 
and a high adhesion strength, and also has a long working time 
(pot life) at room temperature and a low-temperature curing 
property. The liquid crystal cell of the present invention, 
thus obtained, is free from an insufficient display due to liquid 
crystal contaminations, and exhibits a high adhesive property 
and superior moisture-resistant reliability. 
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EXAMPLES 

The following description will discuss the present invention 
in detail by means of examples. 

Synthesis example 1: Synthesis of DRGE (multimer of resorcine 
diglycidyl ether) 

Synthesis of resorcine glycidyl etherified product 

Resorcine (5500 g) , epichlorohydrin (37000 g) and 
tetramethyl ammonium chloride (500 g) were mixed, and dissolved 
while the mixture was being stirred, and this was then heated 
to 70°C. Next, sodium hydroxide (4000 g) in the form of flakes 
was added thereto in a divided manner in 100 minutes, and this 
was then subjected to a post reaction at 70°C for one hour. Upon 
completion of the reaction, water (15000 g) was added thereto 
and washed, and excessive epichlorohydrin and the like were 
evaporated from the oil layer at 130°C under reduced pressure. 
Methylisobutyl ketone (22200 g) was added to the residue so as 
to be dissolved, and this was heated to 70°C. A sodium hydroxide 
aqueous solution (30%, lOOOg) was added thereto while the mixture 
was being stirred, and this was allowed to react for one hour, 
and after this had been washed with 5550 g of water three times, 
the methylisobutyl ketone was then evaporated at 180°C under 
reduced pressure to obtain 10550 g of diglycidylated product 
of resorcine . The resulting epoxy resin had an epoxy equivalent 
weight of 129 g/eq. This glycidylated product of resorcine was 
analyzed through gel permeation chromatography (GPC: detector 
UV 254 nm) , and the results indicated that resorcine diglycidyl 
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ether (hereinafter, referred to as "RGE" or "mono-nuclide" ) was 
generated by 73 % by area, while 15 % by area of di-nuclide and 
tri-nuclide or more ( "di-nuclide. or more" is referred to as 
"DRGE") , which had an alcoholic hydroxide group in the structure 
thereof, were contained. 

(2) Purification by molecular distillation 

The diglycidylated product (5692 g) of resorcine, obtained 
in the above-mentioned (1) , was separated into RGE and DRGE by 
using a molecular distillation device made by Asahi Seisakusho 
Inc. The conditions of the molecular distillation device were: 
the degree of vacuum: 4Pa, distilling temperature (jacket inner 
temperature): 188°C, and condenser temperature: 15°C. 
Three-path processes were carried out under these conditions 
until RGE, which was a low-boiling-temperature component, was 
no longer distilled. After the three-path processes , 847 g (15% 
by weight ) of a high-boiling- temperature component was obtained, 
and this component was analyzed through GPC and GC-MS; thus, 
it was confirmed that only DRGE was separated with RGE having 
been excluded. The di-nuclide of DRGE (compound represented 
by the aforementioned general formula (2) in which s corresponds 
to 1) was contained by 80 % by area, and the tri-nuclide of DRGE 
(compound represented by the aforementioned general formula (2) 
in which s corresponds to 2) was contained by 20 % by area. Here, 
for reference, with respect to the components on the 
low-boiling-temperature side, according to the GPC analysis, 
not less than 99 % thereof was occupied by RGE. The components 
had a solubility of 0.5 % to liquid crystal (MLC-68 66-100 (made 
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by Merck Japan Co., Ltd.). 



Synthesis Example 2 : Synthesis of EOBisS-EP (Ethyleneoxide added 
bisphenol S-type epoxy resin) 

Into a flask equipped with a thermometer, a dropping funnel, 
a condenser and a stirring device, ethylene oxide added bisphenol 
S ( 169 parts by weight ) (tradename: SEO-2 ; made by Nicca Chemical 
Co . , Ltd. , melting point : 183 °C, purity: 99.5%) , epichlorohydrin 
(370 parts by weight) , dimethyl sulfoxide (185 parts by weight) 
and tetramethyl ammonium chloride (5 parts by weight) were 
charged and dissolved while being stirred, and this mixed 
solution was heated to 50°C. Next, sodium hydroxide (60 parts 
by weight) in the form of flakes was added thereto in a divided 
manner in 100 minutes, and this was then subjected to a post 
reaction at 50°C for three hours . Upon completion of the reaction, 
water (400 parts by weight) was added thereto, and washed. 
Excessive epichlorohydrin and the like were evaporated from the 
oil layer at 130°C under a reduced pressure by using a rotary 
evaporator. Methylisobutyl ketone (450 parts by weight) was 
added to the residue so as to be dissolved, and this was heated 
to 70°C. A sodium hydroxide aqueous solution (30 %, 10 parts 
by weight) was added thereto while the mixture was being stirred, 
and this was allowed to react for one hour, and after having 
been washed with water three times, and the methylisobutyl ketone 
was evaporated at 180°C under a reduced pressure by using a rotary 
evaporator to obtain 212 parts by weight of liquid-state epoxy 
resin B represented by the following formula (5) . The resulting 
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epoxy resin had an epoxy equivalent weight of 238 g/eq, with 
a viscosity at 25°C being 113400 m Pa-s (which was crystallized 
when left at room temperature) . It had a solubility of 0.05 % 
to liquid crystal (MLC-6866-100) . 



Synthesis Example 3: Synthesis of bisphenol F type epoxy resin 
epoxy acrylate 

Bisphenol F-type epoxy resin (RE-404P; epoxy equivalent 
weight: 160 g/eq, amount of hydrolysis: 30 ppm, made by Nippon 
Kayaku Co., Ltd.) was dissolved in toluene, and dibutylhydroxy 
toluene was added to this as a polymerization initiator, and 
the mixed solution was heated to 60°C. Then, to this was added 
acrylic acid having a 100 % equivalent weight of epoxy groups 
and further heated to 8 0 °C, and to this was further added t rime thy 1 
ammonium chloride serving as a reaction catalyst, and the 
resulting solution was stirred at 98 °C for about 50 hours. The 
resulting reaction solution was washed with water, and toluene 
was evaporated to obtain epoxy acrylate of bisphenol F epoxy. 
This had a viscosity at 25°C of 140 Pa-s. This also had a 
solubility of 0.3 % to liquid crystal (MLC-68 66-100). 
Example 1 

Epoxy resin DRGE (20 parts by weight) of synthesis example 
1, bisphenol F type epoxy resin epoxy acrylate (80 parts by weight ) 
of synthesis example 3 and 

3, 6-bis (2-methyl-2-morphorinopropionyl) -9-n-octyl carbazole 



O 

/ \ 

CH2CH-CH 2 -O-CH 2 -CH 2 -0 




(5) 



(1. 8 parts by weight) (Adeka Optomer-N-1414 ; made by Asahi Denka 
Kogyo Co., Ltd.) serving as a radical-forming 
photopolymerization initiator were heated and dissolved at 90°C 
to obtain a resin solution. After having been cooled to room 
temperature, to this were added 0.2 parts by weight of an amino 
silane coupling agent (KBM-603, N-p (aminoethyl ) 
y-aminopropyltrimethoxy silane, made by Shin-Etsu Silicone Co. , 
Ltd.), 9 . 3 parts by weight of isophthalic acid dihydrazide (trade 
name IDH-S; prepared by finely grinding a material of jet-mill 
ground-grade made by Otsuka Chemical Co., Ltd. by using a jet 
mill; melting point 224 °C, active hydrogen equivalent weight 
48.5 g/eq; average particle diameter 1.7^im; maximum particle 
diameter 7|am) , 10 parts by weight of fused ground silica 
(Crystalite IFF made by Tatsumori Co., Ltd.; average particle 
diameter 1 . 0|nm) , 10 parts by weight of spherical silica (SS-15, 
made by Osaka Kasei Co . , Ltd . , average particle diameter 0 . 5^im) 
and 10 parts by weight of talc (HTPultra 5C, made by Tomoe 
Engineering Co., Ltd.; average particle diameter 0.5(am), and 
this mixture was mixed and kneaded by using three rolls, and 
stirred and de foamed by using a planetary mixer , and then filtered 
to obtain a sealing material for liquid crystals of the present 
invention. The sealing material for liquid crystals had a 
viscosity of 350 Pa-s (25°C) (measured by an R-type viscometer 
(made by Toki Sangyo Co., Ltd.)). 
Example 2 

EOBisS-EP (20 parts by weight) of synthesis example 2, 
bisphenol F type epoxy resin epoxy acrylate (80 parts by weight) 
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of synthesis example 3 and 

3, 6-bis (2-methyl-2-morphorinopropionyl) -9-n-octyl carbazole 
(1.8 parts by weight) (Adeka Optomer-N-14 14 ; made by Asahi Denka 
Kogyo Co., Ltd.) serving as a radical-forming 
photopolymerization initiator were heated and dissolved at 90°C 
to obtain a resin solution. After having been cooled to room 
temperature, to this were added 0.2 parts by weight of an amino 
silane coupling agent (KBM-603, N-(5 (aminoethyl ) 
y-aminopropyltrimethoxy silane, made by Shin-Etsu Silicone Co. , 
Ltd.), 9 . 3 parts by weight of isophthalic acid dihydrazide (trade 
name IDH-S; prepared by finely grinding a material of jet-mill 
ground-grade made by Otsuka Chemical Co., Ltd. by using a jet 
mill; melting point 224 °C, active hydrogen equivalent weight 
48.5 g/eq; average particle diameter 1.7|am; maximum particle 
diameter l\xm) , 10 parts by weight of fused ground silica 
(Crystalite IFF made by Tatsumori Co., Ltd.; average particle 
diameter 1 . Ojom) , 10 parts by weight of spherical silica (SS-15, 
made by Osaka Kasei Co . , Ltd. , average particle diameter 0 . 5pm) , 
and 10 parts by weight of talc (HTPultra 5C, made by Tomoe 
Engineering Co., Ltd.; average particle diameter 0.5pm), and 
this mixture was mixed and kneaded by using three rolls, and 
stirred and deformed by using a planetary mixer , and then filtered 
to obtain a sealing material for liquid crystals of the present 
invention. The sealing material had a viscosity of 400 Pa- 
s (25°C) (measured by an R-type viscometer (made by Toki Sangyo 
Co . , Ltd. ) . 
Example 3 



31 



Bisphenol A-type liquid-state epoxy resin (RE-310P; epoxy 
equivalent weight : 170 g/eq, amount of hydrolytic chlorine: 120 
ppm, made by Nippon Kayaku Co. , Ltd. ) was allowed to react with 
acrylic acid having 60 % equivalent weight of epoxy groups, and 
after this had been purified through a liquid-separating process 
of ion exchange water/toluene, toluene was evaporated to obtain 
a 60 % partially acrylated epoxy resin. The resulting partially 
acrylated epoxy resin had an epoxy equivalent weight of 540 g/eq. 
The partially acrylated epoxy resin, thus obtained (100 parts 
by weight) and 

3, 6-bis (2-methyl-2-morphorinopropionyl) -9-n-octyl carbazole 
(1.8 parts by weight) (Adeka Optomer-N-14 14 ; made by Asahi Denka 
Kogyo Co., Ltd.) serving as a radical-forming 

photopolymerization initiator were heated and dissolved at 90°C 
to obtain a resin solution. After having been cooled to room 
temperature, to this were added 1.2 parts by weight of an amino 
silane coupling agent (KBM-603, N-p (aminoethyl ) 
y-aminopropyltrimethoxy silane, made by Shin-Etsu Silicone Co . , 
Ltd.), 9 . 3 parts by weight of isophthalic acid dihydrazide (trade 
name IDH-S; prepared by finely grinding a material of jet-mill 
ground-grade made by Otsuka Chemical Co., Ltd. by using a jet 
mill; melting point 224 °C, active hydrogen equivalent weight 
48.5 g/eq; average particle diameter 1.7|am; maximum particle 
diameter 7fim) , 10 parts by weight of fused ground silica 
(Crystalite IFF made by Tatsumori Co., Ltd.; average particle 
diameter l.Ojim) , 10 parts by weight of spherical silica (SS-15, 
made by Osaka Kasei Co . , Ltd., average particle diameter 0 . Sum) 
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and 10 parts by weight of talc (HTPultra 5C, made by Tomoe 
Engineering Co., Ltd.; average particle diameter 0 . 5)im) , and 
this mixture was mixed and kneaded by using three rolls to obtain 
a sealing material for liquid crystals of the present invention. 
The sealing material had a viscosity of 300 Pa-s (25°C) (measured 
by an R-type viscometer (made by Toki Sangyo Co., Ltd.). 
Example 4 

The same components and manufacturing method as those of 
example 3 were used except that an isophthalic acid dihydrazide 
that had been adjusted to an average particle diameter of 1.4|om 
and the maximum particle diameter of 5(om to obtain a sealing 
material for liquid crystals. The sealing material had a 
viscosity of 300 Pa-s (25°C). 
Example 5 

Epoxy resin DRGE (20 parts by weight) of synthesis example 
1, bisphenol F type epoxy resin epoxy acrylate ( 8 0 parts by weight ) 
of synthesis example 3 and 

3, 6-bis (2-methyl-2-morphorinopropionyl ) -9-n-octyl carbazole 
(1.8 parts by weight) (Adeka Optomer-N-1414 ; made by Asahi Denka 
Kogyo Co., Ltd.) serving as a radical-forming 
photopolymerization initiator were heated and dissolved at 90°C 
to obtain a resin solution. After having been cooled to room 
temperature, to this were added 0.2 parts by weight of an amino 
silane coupling agent (KBM-603, N-p ( aminoethyl ) 
y-aminopropyltrimethoxy silane, made by Shin-Etsu Silicone Co. , 
Ltd.), 9 . 3 parts by weight of isophthalic acid dihydrazide (trade 
name IDH-S; prepared by finely grinding a material of jet-mill 
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ground-grade made by Otsuka Chemical Co., Ltd. by again using 
a jet mill; melting point 224°C; active hydrogen equivalent 
weight 48.5 g/eq; average particle diameter 1.7|xm; maximum 
particle diameter 7|am) , 20 parts by weight of alumina (SPC-A1; 
made by C.I. Kasei Co., Ltd., average particle diameter l.Ojim) 
and 5 parts by weight of rubber (Paraloid EXL-2655; made by Kureha 
Chemical Industry Co., Ltd., average particle diameter 200|am) 
were dispersion-mixed and kneaded by a mill to obtain a sealing 
material for liquid crystals of the present invention. The 
sealing material for liquid crystals had a viscosity of 350 Pa* 
s (25°C) (measured by an R-type viscometer (made by Toki Sangyo 
Co . , Ltd . ) . 
Comparative Example 1 

The same components and manufacturing method as those of 
example 3 were used except that an isophthalic acid dihydrazide 
of commercial jet-mill grinding grade, as it is, (trade name 
IDH-S; made by Otsuka Chemical Co., Ltd.; melting point 224°C, 
active hydrogen equivalent weight 48.5 g/eq; average particle 
diameter 3.9|nm; maximum particle diameter 13fim) was used as a 
curing agent, to obtain a sealing material for liquid crystals. 
The sealing material for liquid crystals had a viscosity of 300 
Pa-s (25°C) . 
Comparative Example 2 

The same components and manufacturing method as those of 
example 3 were used except that, in place of the isophthalic 
acid dihydrazide, 8.1 parts by weight of an adipic acid 
dihydrazide (made by Otsuka Chemical Co., Ltd.; melting point 
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180°C, active hydrogen equivalent weight 43.5 g/eq; average 
particle diameter 2|im, which is adjusted by jet-mill grinding) 
was used as a curing agent, to obtain a sealing material for 
liquid crystals. The sealing material for liquid crystals had 
a viscosity of 280 Pa-s (25°C) . 
Comparative Example 3 

The same components and manufacturing method as those of 
example 3 were used except that, in place of the isophthalic 
acid dihydrazide, 11.3 parts by weight of 2 , 6-naphthalene 
dicarboxylic acid dihydrazide (made by Japan Hydrazine Company 
Inc . ; melting point higher than 300 °C, active hydrogen equivalent 
weight 61.0 g/eq; average particle diameter 3|iim, which is 
adjusted by jet-mill grinding) was used as a curing agent, to 
obtain a sealing material for liquid crystals. The sealing 
material for liquid crystals had a viscosity of 300 Pa*s (25°C) . 
Comparative Example 4 

The same components and manufacturing method as those of 
example 3 were used except that, in place of the isophthalic 
acid dihydrazide, 14.5 parts by weight of 

1, 3-bis (hydradinocarbonoethyl) -5-isopropyl hydantoin (trade 
name Amicure VDH; made by A j inomoto-Fine-Techno Co., Inc.; 
meltingpoint 120°C, active hydrogen equivalent weight 78 . 5g/eq; 
average particle diameter 2 . 3jom, which is adjusted by jet-mill 
grinding) was used as a curing agent, to obtain a sealing material 
for liquid crystals. The sealing material for liquid crystals 
had a viscosity of 350 Pa-s (25°C) . 
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Liquid crystal contamination nature test (UV-irradiation and 
thermo-curing) 

Measurements on specific resistance of contacted liquid 
crystal that is an index for contaminations to liquid crystal 
were carried out as follows: 0 . 1 g of a sealing material for 
liquid crystals was put into a sample bottle, and after 1 ml 
of liquid crystal (MLC-6866-100 ; made by Merck Co., Ltd.) had 
been added thereto, this was irradiated with ultraviolet rays 
of 3000 mJ/cm 2 by an UV irradiation device, and then put into 
an oven and held therein at 120°C for one hour; thereafter, this 
was allowed to stand still at room temperature for one hour. 
After these processes, only the liquid crystal was taken out 
of the sample bottle, and put in a liquid electrode device LE 
21 (made by Ando Electric Co., Ltd.) so that, after applying 
a measuring voltage of 10 V thereto for 4 minutes, the specific 
resistance of the liquid crystal was measured by an 
Advantest-made electrometer R-8340. Table 1 shows the results 
of the test. In the case when the specific resistance value 
of the liquid crystal that had been made in contact with the 
sealing material for liquid crystals was not lowered by one digit 
or more in the number of digits of the specific resistance value 
of the contacted liquid crystal, in comparison with the specific 
resistance value of liquid crystal that had been subjected to 
the same processes without being made in contact with the sealing 
material for liquid crystals , the corresponding value was defined 
as "good"; in contrast, in the case when the specific resistance 
value was lowered by one digit or more, the corresponding value 
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was defined as xx bad" . Moreover, the liquid crystal after the 
test was visually observed for any eluted or deposited matter. 

Liquid crystal contamination nature test (concerning only 
thermo- curing) 

Measurements on specific resistance of contacted liquid 
crystal that is an index for contaminations to liquid crystal 
were carried out as follows: 0.1 g of a liquid crystal sealing 
material was put into a sample bottle, and after 1 ml of liquid 
crystal (MLC-68 66-100 ; made by Merck Co. , Ltd. ) had been added 
thereto, this was put into an oven and held therein at 120°C 
for one hour, and this was then allowed to stand still at room 
temperature for one hour . After these processes, only the liquid 
crystal was taken out of the sample bottle, and put in a liquid 
electrode device LE 21 (made by Ando Electric Co. , Ltd. ) so that, 
after applying a measuring voltage 10 V thereto for 4 minutes, 
the specific resistance of the liquid crystal was measured by 
an Advantest-made electrometer R-8340. Table 1 shows the 
results of the test. In this case, in the case when the specific 
resistance value of the liquid crystal that had been made in 
contact with the sealing material for liquid crystals was not 
lowered by one digit or more in the number digits of the specific 
resistance value of the contacted liquid crystal, in comparison 
with the specific resistance value of liquid crystal that had 
been subjected to the same processes without being made in contact 
with the sealing material for liquid crystals, the corresponding 
value was defined as "good". Moreover, the liquid crystal after 
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the test was visually observed for any eluted or deposited matter . 



Adhesion strength test 

Glass fibers of 5|xm (1 g) was added to the resulting sealing 
material for liquid crystals (100 g) , and this mixture was mixed 
and stirred. The resulting sealing material for liquid crystals 
was applied onto a glass substrate of 50 mm * 50 mm, and a glass 
plate of 1.5 mm * 1.5 mm was bonded onto the sealing material 
for liquid crystals, and after having been irradiated with 
ultraviolet rays of 3000 mJ/cm 2 by an UV irradiation device, 
this was put into an oven and held therein at 120°C for one hour 
so as to be cured. The shearing adhesion strength of the glass 
plate was measured. Table 1 shows the results of the test. 

Pot life test 

The resulting sealing material for liquid crystals was 
allowed to stand still at 30°C for 24 hours, and an increase 
in the viscosity rate (%) to the initial viscosity was measured . 

Glass transition temperature 

A thin film having a thickness of 60\xm was prepared by 
sandwiching the resulting sealing material for liquid crystals 
with polyethylene terephthalate (PET) films, and after having 
been irradiated with ultraviolet rays of 3000 mJ/cm 2 by an UV 
irradiation device, this was put into an oven and held therein 
at 120°C for one hour so as to be cured; thus, after the curing 
process, the PET films were peeled off to form a sample. The 
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glass transition temperature of the sample was measured in the 
tensile mode by using a thermo-mechanical analyzer TMA (made 
by ULVAC-RIKO Inc.). 

As indicated by Table 1, each of examples 1 to 5 provided 
a sealingmaterial that showed excellent workability with little 
variations in viscosity. Moreover, with respect to the liquid 
crystal contamination nature upon thermal curing, good results 
were obtained in both of the variations in specific resistance 
value and visual observations. 

In contrast, each of comparative examples 1 to 3 showed little 
variations in viscosity to provide a good sealing material from 
the viewpoint of workability. However, in comparative example 
2, the adipic acid dihydrazide of the curing agent was eluted 
in the crystal upon thermal curing, with the result that, when 
cooled, white deposition was formed. Although the rate of change 
in specific resistance was small, the elution of impurities into 
the liquid crystal would cause an insufficient display, failing 
to provide a desirable sealing material. In the case of 
comparative example 3, since 2, 6-naphthalene dicarboxylic acid 
dihydrazide of the curing agent is poor in the reactivity at 
120°C, the unreacted components thereof contaminate liquid 
crystal, consequently failing to a provide a sufficient adhesion 
strength. Moreover, since comparative example 4 had an 
extremely short pot life, and was poor in workability and not 
suitable for practical use. Comparisons among examples 3, 4 
and comparative example 1 show that as the average particle 
diameter of isophthalic acid dihydrazide becomes smaller, the 
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glass transition temperature becomes higher, making it possible 
to improve the reliability of the sealing material. 
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Liquid crystal contamination nature test (UV + heat) 
Specific resistance value variation 
Visual observation 


Liquid crystal contamination nature test (only heat) 
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Visual observation 
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